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latoiimiaa 

During  thoir  atay  and  thoir  work  in  mcdioal-biologioul  labora¬ 
tories  people  can  bnoomo  infeotod.  A  laboratory  infeotion  is  tho 
invasion  of  tho  human  organism  by  disease  agents  worked  with  for  uiag- 
nootic  or  research  purposes,  or  ooourring  in  the  laboratory  for  other, 
reasons.  In  th*  following  they  will  be  os, lied  in  short  "laboratory 
gerns."  The  ooniequ»noe  of  a  laboratory  infootlon  need  not  always  be 
observable  disease  symptoms.  So-oallod  eilont  infeotlona  also  may  turn 
out  to  be  of  importanoo.  As  an  oxamplo,  fetal  damage  following  a 
clinically  not  obsorvafcle  infection  with  toxoplasma  may  be  quoted  (3). 

With  the  advanoes  of  solwnoe  and  technology,  laboratory  exami¬ 
nations  are  extended  to  an  inoroaaing  number  of  dlsfase  agents.  Like¬ 
wise,  the  work  methods  to  whioh  the  germs  are  subjeotod  inoreaao  in 
number  and  complexity.  As  a  oonsoqueiue.  thqre  will  be  more  and  more 
infeotions  of  personnel.  Xu-tho  following,  we>eport  on  tho  cause  and 
frequency  of  laboratory  infeotions. end  on  measures  for  tho  protection 
nf  personnel.  Other  injurios  which  may  bo  experienced  by  porsons  work¬ 
ing  in  tho  laboratory  (euoh  as  surgioal  injuries,  hums,  intoxications) 
aro  not  discussed. here. 

1  )  .... 

Caution 


One  of  the  sources  of  infootion  in  tho  laboratory  uro  artificially 
or  naturally  infootod  laboratory  animals.  An  oxtunplo  is  tho  tramimi auicn 
of  animal  fungus  dissasea  of  tho  skin  to  the  attendants.  Likowioo,  in- 
footions  from  man  to  man  must  be  oonsidorod  as  laboratory  infection*  if 


tho  infoction  ooourred  during  stay  in  tho  laboratory  and  tho  infooting 
noraon  h&d  horn  4 wl+.h  IfthArfiiArr  rfAwio.  M»t « i.  labors. to  *y  in— 
f aotiono  occur  if  disease  agents  get  out  of  control  during  laboratory 
procedure*.  Happenings  of  thie  kind  can  bo  divided  into  two  groups! 
aOoidoute  and  work  techniques  which  are  generally  considered  as  harm- 
less  and  not  suspioious,  Table  1  lists  tho  most  oommon  aooidont-type 
ooourronoes  by  vhioh  disease  agents  can  be  transmitted  to  the  labora¬ 
tory  personnel.  They  are  mainly  a  consequence  of  lack  of  attention 
and  of  caution  by  the  personnel-  Furthermore,  faulty  material  and 
other,  unprediotable  happenings  play  a  part  in  their  development.  Tho 
oonnootlon  between  the  eause  and  the  infootion  is  mostly  -  but  definite¬ 
ly  not  always  -  easily  recognisable,  so  that  an  expert  opinion  on  such 
oases  can  be  arrived  at  with  little  difficulty.  Aocording  to  Y/odum  (29), 
betweon  14  and  35j6  of  laboratory  infeotions  in  the  U.'S.A,  could  bo  re¬ 
lated  to  reoogaizable,  ao old out- type  occurrences. 


Table  1.  Laboratory  Infeotions  by  Aooidsnt-type  Oocurrenoss 


Source  of  germ 
("infeotioue  material) 

Aooident 

Container  (e.g.  flecks, 

Petri  dishes,  test 
tubes,  eto.) 

\ 

A 

l)  dlrcjct  touching  of  the  material, 

8)  Bursting  of  container  (b>  hitting  and 
the  liko),  possibly  with  injury, 

8)  Spilling  of  material  (by  pouring  into 
another  vessel,  inoculation,  and  the 
like), 

4)  Breakage  in  the  centrifuge 

Iggoultures 

l)  Breakage  of  infected  eggs, 

8)  Spilling  of  infectious  material  (e.g. 
during  inoculation) 

Xnjeotion  syringe ■ 

.  e'*5-  i  • 

1)  Injury  by  needle, 

8)  Spilling  of  infeotioue  material  (e.g 
in  removing  air  from  the  syringe,  by 
ooming  off  of  the  needle) 

Pipettes 

1)  Sucking  in, 

8)  Spilling  of  infeotioue  material 

Ixperlmontal  animals 
'(infected  naturally  or 
artificially) 

1)  Injury  by  biting  or  scratching, 

8)  Touohing  (of  tho  animals,  the  oadavors, 
autopsy  material,  exorsta) 

The  question  remains  of  tho  sourots  of  infeotion  for  those  dis¬ 
eases  for  which  a  oausatlve  occurrence  is  not  easily  found.  Some  oasout 


•  2  - 


go  back  to  the  fact  that  poraona,  without  notiolnjr  it.  h«ve  physical 
contact  in  tha  laboratory  with  germ- containing  material  which  waa 
spilled  inadvertantly  and  unobaorvadly,  parhapa  in  inoculation  of 
cultures  from  one  madia  to  tha  other.  Not  a  entail  pari  of  laboratory 
infections  oan  ha  tfaood  to  work  prooaduraa  of  which  first  Johansson 
and  Ptrr ia  (ll)  and  later  other  raaaarohara  (4,  14,  17,  18,  80,  81, 

84,  8fi,  87)  showed  that  they  permit  tha  aieroorginisma.to  eaoapa  un¬ 
checked  into'  the  aurroundinga.  Liquida  aoatter  aa  apray  if  they  aro 
auddonly  braked,  a.g,  by  hitting  an  obataole,  whereby  the  liquid 
partiolea  formed  are  tha  smaller,  the  quicker  tha  procedure  ia  (2). 

Aa  oan  be  soon  from  Table  2,  it  ia  mainly  routine,  everyday  laboratory 
prooodurou  which,  by  thia  neohaniam,  may  roault  in  a  apray  or  aorosol 
which,  dniiojidi/ig  on  circumstances,  may  contain  germa.  Thia  way,  not 
only  tho  working  p’aoe  itself,  but  alao  the  other  aurfaoea  and  tho  air 
in  the  laboratory  and  in  tha  adjoining  rooma  become  infaotad.  Tho  par* 
aonnal  la  tha  m»ra  endangered  baoauaa  these  action a  are  throughout  oon- 
aidored  aa  inoououa,  ar.i  tha  aeattering  of  game  oooura  unnotiood  and 
raaalna  uureoogtiaed.  Alao  acoident-typt  happenings,  a.g.  tha  bursting 
of  a  oulture  container,  often  roault  in  the  davelopaient  of  a  germ  aero¬ 
sol  and  thereby  tan  oauae  an  aerogenous  infection  of  the  personnel. 

V 


Table  8.  Laboratory  Infeotions  by  Routine  Work  Procedures 


Procedures  (with  in¬ 
fectious  materials) 

Cauat  of  dlapersal  of  diaeaao  agents 
(mostly  aa  apray  or  aorosol) 

Centrifuging 

l)  Rim  of  oontrufugo  tuba  lnfaotod, 

8)  Breakage  of  tube  in  tho  centrifuge, 

0;  Opening  of  the  tube  after  centrifuging, 
4)  Decanting  cf  centrifuged  liquids 

Shaking,  mixing,  stirring, 
homogenising 

l)  Working  with  uuoovared  vessel a, 

8)  Romoval  of  covers  after  shaking,  etc. 

Pestling 

l)  Work  with  gora  oulturea,  infootioua 
organ  parts,  and  the  like  without  pro* 
toctive  device 

Pipetting 

l)  Blowing  out  the  pipettes, 

:  2)  Quiok  movement,  hitting,  dripping, 

Q)  Intranaaal  infection  of  animals 

Handling  of  smear  loops 

1)  Spread  by  rubbing,  skimming  off, 
knocking  off, 

2)  Quick  movement  through  tho  air, 

3)  Touohing  of  hot  loop  with  infootioua 
material, 

4)  SinROins,  annoalina 

-  3  - 
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Table  2  (continued) 

Procedures  (with  in¬ 
fectious  materials) 

Cause  of  dispersal  of  disease  agents 
(mostly  as  spray  or  aerosol) 

Handling  infectious 
syringes 

1)  Removal  of  superfluous  liquid  or 
air, 

2)  Pulling  out  of  needle  from  rubber 
stoppers, 

3)  Inoculation  of  experimental  animals 

Freeze-drying 

1)  Filter  of  vacuum  pump  inadequate*, 

2)  Opening  of  vessels  with  lyopi*.  cult. 

Types  of  Germs 

All  kinds  of  germs  are  capable  of  causing  infections  of  labora¬ 
tory  personnel.  What  diseases  occur,  depends  in  the  first  place  on  the 
type  and  performance  of  the  studies  and  on  the  infectiousness  of  the 
germs.  Among  the  notified  occupational  diseases  of  the  laboratory  per¬ 
sonnel,  tuberculosis,  brucellosis,  hepatitis,  and  infectious  intestinal 
diseases  are  the  most  common  ones  (9,  21,  24,  29).  Diagnostic  tests 
with  the  causative  agents  of  these  diseases  are  performed  in  many 
laboratories.  There  where  experiments  with  rickettsia,  with  smallpox 
and  virusses  of  the  arbo  group,  with  tularemia  bacteria  or  toxoplasma 
are  undertaken,  diseases  from  these  agents  are  relatively  common  because 
of  their  high  infectiousness.  In  special  laboratories,  unusual  diseases 
occur  among  the  personnel,  caused  e.g.  by  the  monk ey-B- virus  (is)  or 
the  salivary  gland  virus  of  bats  (22).  The  implementing  regulation  to 
the  6th  decree  on  occupational  diseases  mentions,  as  No.  37,  infectious 
diseases.  In  the  pertinent  memorandum  (6)  many  communicable  diseases 
are  listed,  which  fact  may  result  in  the  misunderstanding  that  only 
these  may  be  considered  as  occupational  diseases.  However,  a  large 
number  of  laboratory  infections  have  been  described  (e.g.  histoplas¬ 
mosis,  coccidioidomycosis,  infections  with  adeno-,  echo-,  Newcastle 
disease  virusses)  which  are  not  named  in  the  list.  It  seems  therefore 
to  be  advisable  to  dispense  in  that  paper  with  individual  citation  of 
all  those  disease  agents  which  can  be  transmitted  to  nan  in  an  exposed 
occupation.  Instead  of  that,  it  would  be  sufficient  to  point  out  the 
multiplicity  of  infectious  diseases. 


Transmission 

In  the  laboratory,  just  as  in  nature,  disease  agents  r  e  tru re¬ 
mitted  to  man  by  various  routes:  by  means  of  vehicles,  by  vectors, 

contact,  and  by  air.  Of  importance  in  the  laboratory  are  the  two  1 . - 

named  types  of  transmission  (14,  21,  24).  V/ith  accident- type  occur.a... 
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(see  Table  l),  contamination  takes  place  preponderantly  by  curoc- 
indirect  contact.  So  far,  the  aerogenous  route  of  infection,  by 
which  -  as  Wedum  (27)  reports  -  approximately  65^  of  all  laborato., 
infections  are  transmitted,  has  been  paid  little  attention.  Accor, 
to  Sulkin  (21),  most  laboratory  infections  which  cannot  be  traced^ 
technical  mistakes  or  accidents,  can  be  related  to  inhaling  of 
ous  material.  The  development  of  infection  in  the  host  organic.-  w. 
aerogenous  transmission  depends  on  many  factors;  particularly  to  - 
mentioned  are  particle  size,  and  type  and  number  of  genas  (12»  m,- 


"SO 

oc  ti¬ 
dier 


’ilii le  larger  particles,  after  inhalation,  are  stopped  in  — c 
upper  air  packages,  particles  of  less  than  5  microns  also  got 
lower  parte  of  the  respiratory  tract.  In  the  laboratory  there  ...  e 
germ-containing  floating  particles  of  both  size  ranges.  Many  a... -u.se 
agents  attach  themselves  to  the  upper  air  passages  and  start  a  a. -ease 
from  here,  e.g.  diphtheria,  whooping  cough,  measles,  influenza,  — d 
respiratory  streptococcus  infections.  These  diseases  are  tnore-^re 
mainly  transmitted  by  droplet  spray.  In  order  to  cause  an  ia-ce^on, 
other  germs  must  bo  enabled  to  settle  down  in  those  parts  of  u.ie  respir¬ 
atory  organs  which  are  not  any  more  protected  by  ciliated  epitno- .urn. 
Therefore,  the  causative  agents  of  pulmonary  tuberculosis,  puimo.._ry 
mycoses,  ornithosis,  and  Q-fever,  are  transmissible  only  in  tne  -ana 
of  smallest  floating  particles. 


In  technical  plants  where  germ-containing  aerosols  are  crct-ed, 
people  con  inhale  also  such  disease  agents  the  mode  of  infect. on  of 
which  under  natural  conditions  is  rarely  or  never  aerogenous. 
example  is  brucellosis  among  workers  in  food  factories.  The 
are  exposed  to  a  brucella-containing  aerosol  which  is  produced  ov 
machines  cutting  up  the  neat.  Also  in  the  laboratory,  acrogcnou.. 
infections  with  the  bacteria  of  brucellosis,  tularemia,  and  glanders, 
with  typhus  rickcttsiac,  with  the  viruses  of  yellow  fever  and  encephali¬ 
tis,  and  even  with  the  agents  of  lymphogranuloma  have  been  observed. 

Not  excluded  are  diseases  after  inhalation  of  hepatitis,  choriomenin¬ 
gitis  and  poliomyelitis  viruses,  of  typhoid  bacteria,  of  leptospira  and 
toxoplasma.  This  way,  unusual  and  new  types  of  diseases  can  develop, 
the  recognition  and  treatment  of- "which  is  made  difficult  (2). 


As  studies  with  tuberculosis  bacteria  and  the  agents  of  tularemia 
and  Q-fever  have  shown  ( 13 ,  10.  25,  2b),  over,  few  of  these  germs,  after 
inhalutic.-  and  deposition  in  the  lower  air  passages,  are  capable  of 
producing  a  disease  in  man  and  animal.  Therefore,  in  order  that  a 
laboratory  infection  should  start,  a  massive  dispersion  of  germs  and 
infection  of  the  respiratory  air  is  by  no  means  necessary. 


Not  infrequently  the  opinion  is  expressed  that  stay  and  work  in 
medical-biological  laboratories  is  dangerous  only  to  a  small  extent 


(5,  10,  32).  The  mentioned  reason  for  that  is  that  the  sources  of 
danger  are  known  and,  with  correct  procedure,  the  germs  can  be  kept 
under  control,  that  the  personnel  know  how  to  protect  themselves,  and 
that  infections  could  occur  only  by  a  coincidence  of  unfortunate  cir¬ 
cumstances.  For  that  re. .son,  the  infection  risk  of  nursing  personnel 
in  infectious  wards  is  said  to  be  considerably  higher  than  that  of 
laboratory  personnel. 

The  basis  for  such  assertions  is  often  material  from  acciJ.-.:.. 
statistics  (5,  10).  But  then  it  is  not  taken  into  account  that  abso¬ 
lute  figures  do  not  permit  any  statements  on  disease  incidence,  --loo 
the  figure  of  2,2-18  laboratory  infections  including  107  fatalities,  main¬ 
ly  from  t.io  wb..'.. ,  which  Sulkin  (2l)  has  reported,  does  not  gi'  o  any 
information  on  the  infection  quota  in  microbiological  laboratory us. 

Henze  (9)  in  Berlin  and  Reid  (18)  in  England  have  related  the  rs _ .her  of 

disease  cases  to  the  number  of  employed,  and  to  the  number  of  ,-is-..se 
cases  in  socially  comparable  occupational  groups,  respectively,  moth 

authors  came  to  the  conclusion  that  in  any  case  within  the  em. _ .i„„d 

group  of  persons  the  technical  laboratory  workers  were  in  relatively 
great  danger  of  laboratory  infections. 

The  cocanon  underestimation  of  the  frequency  of  laboratory  i.if ac¬ 
tions  is  based  mainly  on  the  lack  of  knovifeuge  of  the  development  of 
infectious  aerosols  in  the  laboratory.  Because  it  is  often  v. that, 
under  usual  work  conditions,  an  uncontrolled  escape  of  disease  agents 
cannot  always  be  avoided,  some  disease  cases  are  considered  by  the 
patients  us  well  a3  by  the  experts  as  acquired  outside  of  the  occupation. 
In  fact,  the  infection  occurred  in  the  laboratory;  it  was  only  not  pas¬ 
sible  to  prove  the  happening  which  triggered  it.  At  tines,  we  are  alto 
d  :.:ing  vith  clinically  slight  or  even  not  noticeable  infections  which 
do  not,  or  only  for  a  short  time,  result  in  incapacitation  for  work  and 
vhicn  therefore  do  not  show  up  in  statistics. 

Protective  Measures 


Protection  of  the  personnel  from  laboratory  infections  includes 
the  pi  ovention  of  contamination  as  well  as  social  security  measure-;,  for 
the  diseased. 


Measures  for  the  prevention  of  infection  are  not  very  veil  i.U 
They  do  not  show  quick  and  impressive  successes.  Instead  of  that,  o.. 
sees  clearly  their  disadvantages  in  the  for.:,  of  increased  financial 
burdens  for  the  people  in  charge  of  the  laboratories,  ur.d  of  inert-s:;.. 
difficulty  of  work  for  the  personnel.  It  is  therefore  important  to  c, 
vince  ull  concerned  of  the  necessity  and  urgency  of  protective  mc-asur. 
Which  Can  be  achieved  best  by  an  objective  study  and* discussion  of  th. 

,1  •  .r-  n  „  *'  i  .  ; _  o _  ..  -  , 


;rs  of  infection.  Success  or  failure  of  all  ccan 
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on  the  attitude,  frankness,  and  efficiency  of  the  leading  person., 
x  a  i.  o  r  c  to  rv . 
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Individually,  the  prophylactic  measures  extt&d  t* 
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building  plan  and  technical  oquijweht  ttoe  labofi^: : 
knovlcdg*  eAraaaiiaafL*1*?1^^’^*?1**  laboratory,  apparatus,  the  modern 

ssui * ( x?:wj s:4ss,  °o0 j nii>  ^ou* g*m*  *«" >  ,**■»  ■ 

in  iiueh^a  BOtho‘!8  *»*  prooodure*  arc  to  bo  selected 

that  accident*  aro  reduced  to  a  minimum  and  an  unoon- 
Iq oXif  ’laboratory  germs  i«  avoided  a*  far  a!  poSiWo  f?  17 

18,  80,  i 16),  Wiiob  onoa  of  tho  diaoaie  agent*  »r**entV«^ ,‘Z'  17» 

JiraJd^nV-^0*  t?  tii°  POPi“onnol*  «o  that  work  with  thorn  muut  Dar- 
in  u»  i  inoculation  chawbor,  is  shewn  in  Table  9,  P 

swSSS««--a 
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tory  personnel  which  WaS^JgafharfSfJJlUhJd^rSrirJtiftr  laborfc*’ 

irs;*u*K„n.^*  *“ *•  ^-ssag  g  aygra  ss 


»abl#  fi.  Prevention  cf  Aerogenou* 

(*fter  Wedun 

^oratory  Z&feotlons 
»  ■*/ 

Agent 

Laboratory  work  in  the 
inoculation  chamber 

Tuberoulo«i*  baoteria 

Brucellosis  baoteria 

Olander*  baoteria 

Psoudo-glander*  bacteria 

Virus  of  Russian  spring** sunnier 
enoephalitie 

RiH  valley  virus 

Cocoidioldeju* 

i 


Table  3  (continued) 


Agent 

. 

Laboratory  work  in  the 
inoculation  chamber 

Viruses  of  the  arbo  group 

Other  encephalitis  viruses 

Tularemia  bacteria 

urgently  to  be  recommended 

t 


Accoraivg  to  the  6th  decree  on  occupational  diseases  which  is 
in  force,  infectious  diseases  are  recognized  as  occupational  uin-aaos 
if  they  occur  in  persons  who  arc  exposed  to  a  considerably  ir.c;\.w.;ed 
danger  of  infection,  as,  e.g.,  those  v/orking  in  laboratories  -or  scien¬ 
tific  and  medical  examinations  and  experiments  (6).  It  may  le  t-ffi- 
cult  for  the  expert  to  delimit  whether  an  infectious  disease  cr.t>*nated 
within,  or  in  a  natural  way  outside  of,  the  plant  presenting  danger. 

If  he  underestimates  the  occupational  risk  in  the  laboratory,  ..o  ’-'ill 
be  inclined  to  assume  the  probability  of  an  extra-occupation..;  infec- 
.tion  if  he  cannot  find  an  accidental  occurrence  in  the  laboratory.  TL..„ 
such  a  way  of  thinking  is  not  correct,  is  clear  from  the  above  discus¬ 
sions.  On  the  contrary,  in  cases  of  diseases  which  are  or  can  be  caused 
by  germs  occurring  in  the  laboratory,  a  casual  relationship  between 
professional  work,  damaging  influence,  and  disease  should  always  be 
assumed  even  if  an  accident- type  occurrence  cannot  be  ascertained  (l). 

1.'  at  the  same  time  there  is  an  extra-professional  source  of  infection, 
the  infection  risk  must  be  weighed.  With  Wcdum  (2S)  I  am  o  r  tr.o  opinion 
that  every  disease  of  a  person  exposed  in  a  laboratory  is  to  be  con¬ 
sidered  as  occupational  as  long  as  the  opposite  cannot  be  proved. 
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